Explaining Variability in Caries Experience Using an Ecological Model by Jenny, Joanna et al.
Explaining Variability in Caries Experience Using an
Ecological Model
JOANNA JENNY, P. JEAN FRAZIER, ROBERT A. BAGRAMIAN,
and JOHN M. PROSHEK
Division of Health Ecology, School of Dentistry, University of Minnesota, Minneapolis,
Minnesota 55455, USA and Department of Community Dentistry, School of
Dentistry, University of Michigan, Ann Arbor, Michigan
A model including diet, oral hygiene, and
dental treatment and three ecological levels
was tested to study variability in caries ex-
perience. Analysis produced a rank order of
explanation for the ecological variables: (1)
community, (2) family, (3) individual. The
treatment factor contributed more to oral
condition than oral hygiene or diet within
each ecological level.
In this paper we present the findings of a
study designed to test the usefulness of an
ecological model containing factors believed
to affect children's oral health both directly
and indirectly. It has long been accepted
that there are multiple factors involved in
the etiology of dental disease-in this case,
caries. However, most dental research uses
explanatory models involving a limited
range of variables.
Investigators who study relationships be-
tween caries and factors in the oral cavity
often use only one independent variable.
Gustafsson et all studied the relationship be-
tween diet (sucrose) and caries experience.
Barenie, Leske, and Ripa2 related oral hy-
giene to caries experience in children. Little-
ton, Kakehashi, and Fitzgerald3 isolated ca-
ries-inducing microorganisms from carnous
lesions.
Duany, jablon, and Zinner4 studied the
effects of two independent variables by re-
lating diet and oral hygiene to the oral con-
dition of caries-free and caries-active stu-
dents.
Littleton, Kakehashi, and Fitzgerald5 used
a three-factor model to study the relationship
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between race, microorganisms, and diet to
caries prevalence.
Kegeles,6 Rayner,7 and O'Shea and Gray8
have studied the relationships of factors in
the individual's social environment. In these
studies the dependent variables are dental at-
titudes or behaviors such as diet practices,
oral hygiene practices, and the frequency
and purpose of dental visits. In most
studies of dentistry that use social science
methods, the relationships between the de-
pendent variables and oral condition are
assumed.
The multiplicity of factors involved in the
caries process suggested to the investigators
that it might be fruitful, in a study of caries
experience in a natural population, to exam-
ine concurrently as many as possible of the
factors believed to be associated with the
processes and conditions affecting the disease.
An ecological approach was used to con-
ceptualize factors affecting children's caries
experience. The theoretical model that
evolved is based on theories of the patho-
genesis of dental disease, and the findings of
clinical, experimental, epidemiological, and
behavioral science research in dentistry. The
model reflects the idea that the occurrence
and progress of dental disease are the result
of many interrelated factors, those relating
specifically to the oral environment and
those relating to the individual's social en-
vironment-his family and his community.
The comprehensive ecological model that
determined the study design is fully de-
scribed in another paper.9 The model does
not present new theories regarding the cause
of caries, nor does it introduce new facts
about control or prevention of caries. Rather,
the model was intended to illustrate the per-
vasiveness of factors in a child's total envi-
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ronment which influence his oral health. It
provides a comprehensive ecological frame-
work for studying the caries process within
a natural population.
With the use of this comprehensive model
as a guide, the overall research objective was
to examine the prevalence and incidence of
caries as a function of processes or conditions
existing within the oral cavity which are or
were affected by the individual child, his
family, and his community. Diet, oral hy-
giene, and dental treatment were the only
intraoral factors in the model selected for
study. Although oral microorganisms and
genotypic factors were included in the model
as intraoral factors, the contributions of
these two factors to explaining variability in
incidence or prevalence of caries were not
studied in this investigation.
Materials and Methods
SAMPLE SELECTION.-The study sample con-
sisted of 838 white third-grade children
and their parents. The children attended 14
public schools from a total of 69 schools se-
lected to represent a broad spectrum of so-
cioeconomic levels in a large midwestern city
school district. The public water supplies of
this city have been fluoridated since 1957.
Seventy percent of the study children had
experienced fluoride exposure for their total
life.
DATA COLLECTION.-Information was ob-
tained from both children and parents over
a one-year period. Each child was individ-
ually interviewed twice-once in the third
grade and again in the fourth grade-by a
trained community resident interviewer. Pri-
marily, data concerning the child's diet and
oral hygiene practices were obtained during
these interview sessions. A few questions re-
lated to family attitudes and to past dental
experiences were also asked.
Children rather than parents were inter-
viewed because Babchuck and Gordon10 re-
ported that they found children to be spon-
taneous communicators of the fact rather
than of the calculated response. They found
that threatening questions met with resis-
tance from adults but not from children.
Therefore, it was believed that children
would provide more spontaneous and reli-
able information about dentally related prac-
tices and attitudes than would their parents.
After each of the two diet interviews each
child received an unannounced dental
screening examination by a dentist trained
in dental epidemiology. Oral condition, in
terms of caries and oral hygiene indexes, was
assessed. Children were identified as needing
dental treatment if an obvious carious lesion
was observed on one or more permanent
teeth.
Data concerning family characteristics were
collected from the child's parents (most often
the mother) during the year between the
first and second children's interviews and
dental examinations. Demographic informa-
tion, attitudes, and behaviors regarding den-
tal practices were collected from the families
of 93% of the children. Parents whose chil-
dren were identified as needing dental treat-
ment for an obvious carious lesion on a per-
manent tooth, plus a randomly selected
group of 100 parents whose children did not
meet that criterion, were interviewed at
home by a trained community resident. The
remaining parents received a mail question-
naire to obtain exactly the same information
as that collected during the home interviews.
The specific interview, questionnaire, and
dental examination data that comprise the
independent variables are shown in Table 1.
The four dependent variables were: DMFS-
prevalence, DMFS-incidence, defs-prevalence,
and defs-incidence.
ANALYSIS.-The procedure followed in the
analysis of these data was multiple regression
in which the dependent variables were each
regressed on the independent variables, that
is, the items composing the factors in the
general model and subsets of these factors.
Table I gives the questionnaire, inter-
view, and dental examination items that
make up the elements of each of the ecolog-
ical levels, or factors, in the general model-
individual, family, and community. The in-
dividual factor included variables such as
oral hygiene practices, frequency and
amounts of cariogenic food ingested, and ac-
ceptance of dental treatment and recommen-
dations for home care. The family factor in-
cluded variables such as provision of cario-
genic foods, supervision of oral hygiene pro-
cedures, and provision of preventive and
corrective dental care. The community fac-
tor included variables such as fluoride expo-
sure, availability, accessibility, and accept-
ability of dental treatment services.
Regression analyses were performed in
which all possible combinations of these
three factors were considered as the regressor
variables. From the results of these regres-
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factor in the model: its unique contribution
to the variance explained in the full model,
the second-order contribution to the vari-
ance that was due to each pair-wise combin-
ation of factors, and the third-order contri-
bution to the variance in the full model,
which could only be explained by the com-
bination of all three factors jointly.
To further explain this procedure, the
illustration provides a visual representation
of the concepts of unique, second-order, and
third-order contributions of the factors in
the model to the explanation of the variance
of the dependent variable. These contribu-
tions also have been termed "commonalities"
in the literature." In representational terms,
the area of the box labeled W could be con-
sidered the total variance of the dependent
variable in a regression problem. When this
variable is regressed upon a set of variables,
the resultant R2 is a measure of the propor-
tion of the variance of the dependent var-
iable which is in common with the inde-
pendent variables in the regression model-
the proportion of the variance "explained"
by the model. This value is represented by
the total area enclosed by- the three over-
lapping circles in the illustration. Each circle
is representative of the proportion of vari-
ance explained by that individual factor
when the dependent variable is regressed
upon just that factor. The portion of each
circle that does not overlap one of the
other circles is representative of the pro-
portion of the variance which is uniquely ex-
plained by that variable in the regression
model. The overlapping areas of the circles
then can be defined as higher order com-
monalities or contributions of the indepen-
dent variables in explaining the variance of
the dependent variable in the regression
model. These areas defined as the second-
order commonalities are then representative
of the proportion of the variance of the de-
pendent variable that can only be explained
jointly by two of the factors in the model.
Analysis of variance. W, total variance of dependent variable (Y) in model,
1.000; U (I), proportion of variance of Y uniquely accountable by individual
in model; U (F), proportion of variance of Y uniquely accountable by family
factor in model; U (C), proportion of variance of Y uniquely accountable by
community factor in model; C (IF), proportion of variance of Y jointly ac-
countable by individual and family factors (second-order commonality);
C (IC), proportion of variance of Y jointly accountable by individual and
community factors (second-order commonality); C (FC), proportion of vari-
ance of Y jointly accountable by family and community factors (second-order
commonality); C (IFC), proportion of variance of Y jointly accountable by
individual, family, and community factors (third-order commonality).
w
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In the case of three variables in the model,
there are three second-order commonalities.
Higher order commonalities exist, the limit-
ing order of which is determined by the
number of variables in the model; for exam-
ple, in a three-factor model the highest order
commonality is of the third-order-that pro-
portion of the variance of the dependent
variable which can be explained only by the
joint relationship of the three factors. The
sum of the commonalities equals R2 ob-
tained from the regression analysis, which
includes the appropriate factors of the model.
Results
Table 2 gives the results of the regression
analysis and the resultant commonalities for
the dependent variable, DMFS-prevalence.
Table 3 gives the results of the regression
analysis and resultant commonalities for the
dependent variable, DMFS-incidence. Ta-
bles 4 and 5 give the results of the regression
analyses and the resultant commonalities for
the dependent variables, defs-prevalence and
defs-incidence, respectively.
The top portion of each table gives the
analysis of the full model using the three
ecological factors of individual, family, and
community as the factors or independent
variables in the regression model. For exam-
ple, as shown in part A of Table 2, the gen-
eral model explained 21% of the variance
observed in the DMFS-prevalence scores.
The commonality contributions of the fac-
tors are given: the unique contribution of
the individual factor was 2%, the unique
contribution of the family factor was 7%,
and the unique contribution of the com-
munity factor was 12%.
In this instance, each of the higher order
commonalities contributed less than 1 %
toward the explanation of the variance in
DMFS-prevalence. The second-order com-
monalities were negative in value, which
could be indicative of a "masking" effect of
the joint contributions. This masking effect
could be interpreted through the analogy of
interaction of differential effects. The fact
that such negative results are possible is thor-
oughly explained by Newton and Spurrell.12
A more theoretical approach and explana-
tion of this analytic procedure was presented
by Rozeboom.13 A practical application of
this methodology in an expanded form was
done by Mayeske et al.'1
In addition, within the individual factor,
within the family factor, and within the
community factor, diet, oral hygiene, and
treatment were analyzed using the same
methodology. The results of these analyses
are presented in the second half of Tables
2-5 as second level models for each of the
four dependent variables. For example,
when DMFS-prevalence was regressed upon
the ecological factor of community, it was
found that this factor accounted for, or ex-
plained, 11.89% of the variance of DMFS-
prevalence. Within this contribution, the
contributions of diet, oral hygiene, and
treatment were determined and are given
in part B of Table 2 under the second level
models section of community contribution.
It can be observed that the treatment factor
explained approximately 7%O of the variance,
oral hygiene explained approximately 2%,
and the treatment and oral hygiene factors
jointly explained about 1% of the variance,
whereas the diet factor explained less than
1%.
Discussion
The ecological model which contains fac-
tors believed to affect children's oral health
provided an organized approach to the as-
sessment of the contributions of various fac-
tors in explaining caries experience. Use of
the model both in data collection and in
conducting the analysis allowed considera-
tion of a broad range of variables and com-
binations of variables believed to be contri-
butory to oral health-those relating to the
individual's oral environment and those re-
lating to his social environment (his family
and his community).
This study centered on the influence of
three of the five primary factors believed to
be associated with the caries process, oral
hygiene, diet, and dental treatment, within
the framework of three ecological factors-
the individual, his family, and his com-
munity. This study did not include an as-
sessment of the contribution of the factor of
caries-inducing microorganisms or the factor
of genotype of the individual.
Oral hygiene, diet, and dental treatment-
examined within the contexts of individual,
family and community-together explained
approximately 20% of the variability in the
caries experience of the study population.
The remaining proportion of the variability
in caries experience may be accounted for
558 JENNY ET AL
M ,q O - - ,t1 dIq





. OD . -mP d
N4 O O O
* * _-* Q O O
I0











































oo Wr C _ M on an, cr
tD V) d4 O w - o 00
o or C> o 0 _o _0000 00o -
* . 4 .* C) m a.0) 00
t
II -0ct-0C 000- 000 00
.*0O . -O
-
* * O *I O
00 * . '- *MC
0 00 00 * *00 *0O
Q 0 CD - -
"O ~ 0 0- 0 C c
0 O O CD(.









I OI O( O* °t- 000
. 0 .0o .00o0 0 0 0
* ° °*0) .0 0D
* O to * -4
00 0. 0 0I















*0 * .0 a"0)0 -
* -4 * 0 * C O
0 CD (Z
10 1 0*o o o7~~~~~~~~~~~~~~~










































































































_0 .. Cm . C






































. T 4a0)C fin00k()0 cc





* .0 *P-4 C4.Cu
0) 0 8@~.G .0 .C f
0 0 00DvQC0 .0 00C












- 4 0) af 00 in in -4
IS0 oo-4 0 1 |






o :8 8 ° o
.h4 >
(o..
_ - 00 40GO
=





































































































" --o C IC>o o
0000 o oM0 Z Q000C0
* *Q 0 * C o0 0
* .00 .001CCC 00of
ooo of* o 000 0
*000 -
00 0 00 0
04 * * o _ o
*0 o .000 .10so
-0 00 0 0
0 * o0 0 o
0o o



































. .0 . _ C O~O 000
*0*° *0 C CD
04 , -4 1 -r
...r -._ t CO
_ 0 00O
0 C0 00°
N4 * * " C) I t_
0 .00Q
I I
. -4 U- 4
i04 c0 oo0
h ° -0 t- 0





. . 4Cd r.

















.0 .0 .00 0
CD Q Q O CD
0 ° * 0 °




I° * * ° ° * °l~~~~~~~~~~~
- w 0 wt- 40 m 1,1
_0 m - cQ O) O _ O











_4 O O O
* * *I °0 °
00 . . 0-
: 4 .0C
--4C 0 00
* I CDOI D
0) 0-
Q I I



















































































",I _- (o _~' _1
[a, oooooo,0o _O " Ge)00~00) O CD 0
. .o













































IjO c-1- 14 o - o o








* .O ' 00 0
*00 * e) *-_ e). co . in . -O O.
C 0.000 O 00*0 *0 *00
. 0 - . O
00 0
*00.°0
0)00 C) I:"CF in -._ O 000oo 0 0 0o
;,x O O 0 00 0 0~0 517- °°°°lcC>,l°°
Cu30 0) 'C COxr -4
Q aC . . e) . _ o
0
000
" E I o I*0 o o
_ C.
I~O







O 0 00*0 *I * 0
. 0 - . 0
o 0o
o0 * o




























* co CC) In " in
. . O Ge)
0 00 0
* I *0° 00 0
*0C).00 *X0 ".~~~0
. t- . _- . o) o
.1 .10 . 0
rb**oocC * .4























































































VARIABILITY IN CARIES EXPERIENCE 563
TABLE 6






%O DMFS-Prevalence % DMFS-Incidence % defs-Prevalence
U (C)* 12 U (F) 10 U (C) 9
U (F) 7 U (C) 8 U (F) 8
U (I) 2 U (I) 3 U (I) 2

































U (Trt) 1 U(OH) 3
U(OH) 1 U(D) 1
Note: The figures given above have been rounded and converted to percentages from Tables 2-5. Coef-
ficients of less than 0% contribution to the explanation of the variance have been deleted.
* C, community; F, family; I, individual.
t Trt, treatment; OH, oral hygiene; D, diet.
by other factors. Potentials for explaining
the remaining proportion of the variability
probably reside in the following three
areas: elements associated with caries which
were not identified in the theoretical model;
the contributions of two factors in the theo-
retical model, microorganisms and genotype,
which were not assessed in this study; and
errors in measurement and sampling associ-
ated with the collection of data.
Another possible source of error might
have involved differential populations or
curvilinear relationships. Since the analysis
of the data showed that the model explained
only 20% of the variability in oral condi-
tion, it was thought that there might have
been some confounding of results because
of differential populations or curvilinear re-
lationships among some of the elements of
the model and the dependent variable-oral
condition. To determine whether these in-
fluences may have had an effect, the data
were subjected to additional analyses by
which the high-incidence children were com-
pared with a comparable number of no-in-
cidence children on each of the items com-
prising the model. The results of these many
analyses did not contradict the findings from
the regression analysis. The originally anti-
cipated contributions of diet and oral hy-
giene were not significant for extreme cases
of caries experience. Therefore, it may be
assumed that the unexplained variance is
not due to the effects of differential popu-
lations or curvilinear relationships.
Within the context of the three ecological
factors studied-individual, family, and com-
munity-Table 6 summarizes the most im-
portant findings presented in Tables 2-5. In
three of the four dependent variables,
DMFS-prevalence, defs-prevalence, and defs-
incidence, the community factor explained
the greatest amount of variability. In this
study the contributions of the individual's
dental behaviors, attitudes, and conditions
have been demonstrated to be less explana-
tory of dental caries than those of either
his community or his family.
Dental treatment, including such items as
length of time since last visit, reason for
last visit, and parents' satisfaction with the
dentist, is shown in Table 6 to be the most
contributory factor in explaining variability
in caries experience within both the com-
munity and family factors.
The oral hygiene factor, including oral
hygiene score and supervision of oral hy-
giene practices by parents, and the diet fac-
tor, including frequency and kinds of treats
consumed by the child, each contributed less
than the treatment factor to the explanation
of variability in caries experience in the
study population.
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in caries experience was further illustrated
by the highly significant relationship of car-
ies incidence in permanent teeth and the
ratio of decayed to filled teeth (D/F) de-
termined during the base line examination.
Children with a high D/F ratio were found,
12 months later, to have experienced a
greater incidence of caries in permanent
teeth.a
Conclusions
Some preventive programs place emphasis
on efforts to make the individual indepen-
dent of the dentist'4 by encouraging him to
practice personal oral hygiene procedures
and diet control. The results of this study
indicate, however, that community and fam-
ily factors are more powerful and more
pervasive in their influence on the indi-
vidual child's oral health than is generally
acknowledged and that dental treatment is
a vital element for achieving oral health.
Therefore, efforts to improve children's oral
health primarily through educational pro-
grams designed to promote positive personal
oral hygiene and diet practices in the indi-
vidual may be less than adequate if con-
current treatment services are not provided.
a D/F ratio and increment of caries on permanent
teeth were cross-tabulated using top incidence scores
(N = 179) and an equivalent number (N 166) of
zero incidence scores, randomly selected (X2 ( 3 df) =
35.047, P < 0.001 ).
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